Exercise training has been shown to reduce many risk factors related to cardiovascular disease, including high blood pressure, high cholesterol, obesity, and insulin resistance. More importantly, exercise training has been consistently shown to confer sustainable protection against myocardial infarction in animal models and has been associated with improved survival following a heart attack in humans. It is still unclear how exercise training is able to protect the heart, but some studies have suggested that it increases a number of classical signalling molecules. For instance, exercise can increase components of the endogenous antioxidant defences (i.e. superoxide dismutase and catalase), increase the expression of heat shock proteins, activate ATP-sensitive potassium (K ATP ) channels, and increase the expression and activity of endothelial nitric oxide (NO) synthase resulting in an increase in NO levels. This review article will provide a brief summary of the role that these signalling molecules play in mediating the cardioprotective effects of exercise. In particular, it will highlight the role that NO plays and introduce the idea that the stable NO metabolite, nitrite, may play a major role in mediating these cardioprotective effects.
Introduction
Despite numerous advances in health care practices, cardiovascular disease remains the number one killer in the USA with an estimated 81.1 million American adults having one or more types of cardiovascular disease resulting in about $503 billion being spent a year to cover the associated health care-related costs. Acute myocardial infarction (AMI), which is a direct result of cardiovascular disease, is responsible for approximately 141 462 or 17% of the nearly 831 272 deaths related to cardiovascular disease in the USA. It is also estimated that nearly 1 million Americans will have a new or recurrent myocardial infarction this year. 1 Among patients who survive an AMI, the major determinant of the long-term prognosis is the amount of myocardium that is destroyed as a result of ischaemic injury (i.e. the size of infarction). Thus, it is believed that a significant reduction in myocardial infarct size will decrease subsequent morbidity and mortality. Therefore, it is critically important to develop and implement therapeutic strategies that will attenuate myocardial infarct size. One such infarct-lowering strategy that has been intensely studied since its discovery is the preconditioning (PC) phenomenon. PC refers to the observation that one or several short intermittent periods of ischaemia protects tissue against the injury caused by a subsequent, prolonged period of ischaemia, usually lasting at least 30 min. 2 Ischaemic PC was first described in the heart in 1986 when Murry et al. 3 demonstrated that short, intermittent periods of ischaemia paradoxically limited infarct sizes when the hearts of dogs were subjected to subsequent prolonged ischaemic insults. Since this first groundbreaking report, ischaemic PC has been observed in all species from mice to man 4 and has been observed in other organ systems besides the heart. 5 Importantly, exposing tissue to various drugs can mimic the protective effects of brief ischaemic insults; a phenomenon termed pharmacological PC. 6 Some of the drugs that have been reported to have PC effects include K + channel openers, volatile anaesthetics, opiods, bradykinin, and nitric oxide (NO) donors. 2 The exact mechanism(s) by which PC exerts its protective effects is incomplete, although several molecules have been implicated 7, 8 : protein kinase C, heat shock proteins (HSPs), tyrosine kinases, mitogen activated protein kinases, protein kinase A, nuclear factor kB, adenosine, and NO.
Despite the clear cytoprotective effects of PC reported in experimental studies, there are two drawbacks to PC strategies that lessen their ability to be used in clinical practice. First, it is unknown when patients will experience a myocardial infarction. Therefore, individuals would have to be on medication chronically to protect them from the myocardial infarction that may or may not be imminent. Second, while many factors appear to be potent in reducing myocardial infarct size when administered acutely, repetitive administration of the PC stimuli results in a loss of efficacy. For these two reasons, the clinical applicability of PC as infarct-sparing strategies continues to be in question. 9 However, it appears that there is always an exception to the rule. Once such strategy that falls under the umbrella of PC and that has been advocated to reduce the risk of cardiovascular disease is the concept of a healthy lifestyle consisting of a healthy diet and regular exercise. Numerous studies have reported that exercise training confers sustainable protection against myocardial infarction in animal models 9 -13 and has been associated with improved survival following an ischaemic event in humans. 14, 15 The mechanisms that underlie these protective effects are not fully understood, but it is clear that exercise is associated with reducing many risk factors related to cardiovascular disease, including high blood pressure, high cholesterol, obesity, and insulin resistance. 12 However, the beneficial effects of exercise are not solely related to the reduction of these risk factors, as the association of reduced mortality is independent of other coronary risk factors. 16 Importantly, the infarct sparing effects of exercise have been reported following both long-term (.10 weeks) and short-term (1-5 days) training regimens. Therefore, exercise training seems to be unique, in that unlike other PC modalities there does not appear to be a de-sensitization to its cytoprotective effects. Additionally, exercise is unlike other treatment strategies (i.e. pharmacological interventions) in that it is safe, inexpensive, and widely accessible to all patient populations. This article will provide a brief summary of the signalling mechanisms that are thought to mediate exercise-induced cardioprotection. In particular, it will highlight the role that NO plays and introduce the idea that the stable NO metabolite, nitrite, may play a major role in mediating these cardioprotective effects.
Cardioprotective signalling molecules activated by exercise
Although the physiological and cardioprotective effects of exercise training have previously been documented, the signalling mechanisms that mediate these effects have not been fully elucidated. However, it is known that exercise training increases a number of classical signalling molecules. For instance, exercise can increase ( Figure 1 ) components of the endogenous antioxidant defences [i.e. superoxide dismutase (SOD) and catalase], increase the expression of HSPs, activate ATP-sensitive potassium (K ATP ) channels, and increase the expression and activity of endothelial nitric oxide synthase (eNOS) resulting in an increase in NO levels. 9 Evidence for the involvement of each of these mechanisms is discussed below.
Exercise and endogenous antioxidant defences
Under physiological conditions, small amounts of reactive oxygen species (ROS) produced as a consequence of electron transfer reactions in mitochondria, peroxisomes, and cytosol are quenched by cellular antioxidant defence systems. Antioxidants act by scavenging oxidative species and their precursors, inhibiting their formation and enhancing endogenous antioxidant defences. 17 The main endogenous antioxidant is SOD, which catalyses the dismutation of two superoxide radicals to form hydrogen peroxide and molecular oxygen.
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Three distinct types of SODs have been found in mammalian tissues. The two most studied SODs are the mitochondrial, tetrameric manganese-containing enzyme (MnSOD) and the cytosolic, dimeric copper/zinc-containing enzyme (CuZnSOD). 19 The third SOD, extracellular SOD, is a tetrameric glycoprotein containing Cu and Zn atoms at the active site 20 and is found predominantly in intravascular and extra-cellular fluids. The hydrogen peroxide generated by the dismutation reaction is further scavenged by catalase to water and oxygen. 21 During myocardial I/R, the activity of these systems becomes reduced or even abolished, 22 suggesting that increasing the activity of the cellular antioxidant enzymes should Figure 1 Cardioprotective signalling molecules activated by exercise. Short-term and long-term exercise training has been shown to increase the expression and activity of components of the endogenous antioxidant defense system (catalase, SODs), increase the expression of heat shock proteins (HSPs), activate ATP-sensitive potassium (K ATP ) channels, and increase the expression and activity of endothelial nitric oxide synthase (eNOS) resulting in an increase in nitric oxide (NO) levels. Although all of these molecules have been associated with the cardioprotection afforded by exercise training, studies have shown that endogenous antioxidants and HSPs are not necessary for the observed cardioprotection, whereas K ATP channels and eNOS are necessary.
protect tissues from reperfusion damage. 23 Indeed, the administration of exogenous SOD, 24 the overexpression of CuZnSOD, 25 the overexpression of MnSOD, 26 and the overexpression of catalase 27 have all been shown to be cardioprotective. There are some conflicting reports regarding the activation of endogenous antioxidant defences by exercise training. Long durations of exercise training ( 20 weeks) have been reported to increase the expression 12 and the activity of both MnSOD and CuZnSOD. 28, 29 However, there are several studies, which have not observed an increase in activity or expression of either SOD and yet reported cardioprotection. 30, 31 For instance, Lennon et al. 32 reported that 8 days of exercise training provided cardioprotection against myocardial I/R injury, but failed to increase the expression of either SOD, suggesting that short durations of exercise training are not sufficient to increase SOD expression. Lennon et al. 32 did, however, report that catalase activity was increased in response to 8 days of exercise training. This is in agreement with other studies, which have noted an increase in catalase activity in response to both short and long durations of exercise training. 33, 34 However, the study by Lennon et al. 32 also
found that an increase in catalase activity might not be essential for exercise-induced cardioprotection. In this study, rats were allowed to rest for 1, 3, or 9 days after the 8-day training period. As noted, catalase activity was increased after 1 day of rest and also after 3 days of rest. By 9 days of rest, catalase activity had returned to baseline levels. Interestingly, the rats were still protected against myocardial infarction at this time point. Together, these results suggest two things. First, the duration of the training factors into determining which endogenous antioxidants are increase by exercise. Second, an increase in endogenous antioxidants may be sufficient to provide cardioprotection in response to exercise, but is not necessary.
Exercise and heat shock proteins
HSPs form the most ancient defence system in all living organisms on earth. 35 Heat or other stressors induce HSPs in a variety of cell types, thus protecting cells from insults such as ischaemia, oxidative stress, and noxious chemicals. 36 Both HSP70 and HSP27 have been demonstrated to provide cardioprotection in the setting of I/R. 37, 38 The mechanism of cytoprotection afforded by HSP70 and HSP27 has been attributed to their ability to function as anti-apoptotic agents in both caspase-dependent and -independent pathways. 39 Several different isoforms of HSPs are increased in response to exercise training. For instance, Powers et al. 40 reported that the expression of HSP72 (aka HSP70) was increased in the hearts of female rats following 10 weeks of endurance training. Demirel et al. 41 also demonstrated that 5 days of treadmill exercise increased the expression of myocardial HSP72. Hamilton et al. 42 found that other isoforms such as HSP90 and HSP40, but not HSP10, HSP60, and HSP73 were also increased following exercise training. In all of these studies, protection against myocardial injury was reported, suggesting that HSPs play a role in mediating exercise-induced cardioprotection. However, as noted for the endogenous antioxidants above, there are several reports, which provide evidence suggesting that HSPs are not the main contributors to exercise-mediated cardioprotection. For example, two different studies have demonstrated that exercise in a cold (4-88C) environment provides the same cardioprotection as exercise in a warm environment (258C), but does not increase the expression of HSP72 or any other isoform investigated. 42, 43 Hence, it appears that HSPs are also sufficient to induce exercise-induced cardioprotection, but not necessary. There is now considerable evidence that K ATP channels are centrally involved in the cardioprotection afforded by exercise. 48 Brown et al. 49 first reported that 5 days of treadmill running significantly reduced myocardial infarction in both male and female rats. The observed cardioprotection was associated with an increase in the expression of both SUR2A and K ir 6.2 in the male hearts and an increase in the expression of SUR2A in the female hearts. This indicates that although there is a sex-dependent difference in the regulation of K ATP channel components by exercise, there is an increase in K ATP expression in response to short-term exercise training. The role of K ATP channels in exercise-mediated cardioprotection was further supported by the findings of Brown et al. 9 In this study, the authors found that 12 weeks of exercise training increased the expression of SUR and K ir 6.2 in the hearts of female rats. Additionally, the authors found that inhibition of sarcolemmal K ATP channels abolished the protective effects of exercise, whereas the inhibition of mitochondrial K ATP channels did not, suggesting that sarcolemmal K ATP channels play a central role in mediating the cardioprotective effects of exercise. However, a recent study by Quindry et al.
50
found that mitochondrial K ATP channels provide anti-arrhythmic protection as part of exercise-mediated cardioprotection against ischaemia -reperfusion injury. Therefore, it appears that both sarcolemmal and mitochondrial K ATP channels have a role to play in the cardioprotection afforded by exercise training. Moreover, unlike HSPs and antioxidants, it appears that K ATP channels play a direct role in exercise-mediated cardioprotection. As noted above, blockade of K ATP channels has been shown to abolish the cardioprotective effects of both short-term 10 and long-term 9 exercise training.
Exercise and nitric oxide
Recent studies have indicated that the endothelium plays a critical role in mediating the cardioprotective effects associated with exercise.
Specifically, these studies have demonstrated that during exercise the expression and activity of eNOS is increased in response to shear stress. 51 Sessa et al. 52 were the first to report that 10 days of treadmill running increased the gene expression of eNOS and increased NO production in coronary arterioles from dogs. Chronic exercise for as long as 16 weeks has also been reported to alter eNOS gene expression in a porcine model. 53 Furthermore, exercise has also been reported to alter eNOS expression and phosphorylation status Exercise and nitrite in humans. 54 Hambrecht et al. 51 investigated the effects of exercise training on the endothelial function in relation to the expression of eNOS and Akt-dependent eNOS phosphorylation in the left internal mammary artery of patients with coronary artery disease. They found that exercise training resulted in a two-fold increase in the expression of eNOS and a four-fold increase in the expression of phosphorylated eNOS at serine residue 1117 (eNOS-P
Ser1177
). Matching tissue oxygen and substrate supply to demand during exercise is controlled by both blood delivery and the capacity of cells to extract these substances. 55 It appears that NO plays a role in both of these processes. First, the release of NO from endothelial cells in response to shear stress induces vasodilatation of arteries in both the skeletal muscle and the heart to increase blood flow. 55 Second, NO has been reported to alter carbohydrate metabolism in skeletal muscle through an enhancement of glucose uptake and inhibition of glyceraldehyde-3-phosphate dehydrogenase. 55 In addition to its effects on matching blood supply to metabolic demands during exercise, NO is also responsible for some of the atheroprotective effects of exercise through its ability to inhibit inflammatory cells and platelets from adhering to the vascular surface. 56 Furthermore, NO possesses a number of physiological properties not associated with reducing risk factors associated with cardiovascular disease that make it a potent cardioprotective-signalling molecule in the setting of myocardial ischaemia-reperfusion injury. 57 For instance, NO reversibly inhibits mitochondrial respiration. 58 The inhibition of mitochondrial respiration during early reperfusion counterintuitively leads to a decrease in mitochondrial-driven myocardial injury by extending the zone of adequate tissue cellular oxygenation away from vessels. 59 NO also inhibits apoptosis 60 either directly or indirectly by inhibiting caspase-3-like activation via a cGMP-dependent mechanism and by direct inhibition of caspase-3-like activity through protein S-nitrosylation. 61 Given this diverse physiological profile, it is likely that NO contributes to the cardioprotective effects of exercise by first reducing cardiovascular risk and second by reducing injury in the event of myocardial ischaemia. A central role for eNOS in the physiology of exercise was established in studies employing the use of eNOS deficient mice (eNOS 2/2 ). Momken et al. 62 found that over a training period of 8 weeks, eNOS 2/2 mice averaged a running distance almost two times lower than wild-type controls, as well as a mean running distance that was half that of the controls. This was further confirmed by Ojaimi et al., 63 who reported that eNOS 2/2 mice of different ages ran an average of up to 60% less than age-matched wild-type mice. A role for eNOS in mediating the protective effects of exercise against a component of cardiovascular disease was first reported in the brain, where it was found that exercise-induced neuroprotection against a stroke was lost in eNOS 2/2 mice. 64 Additionally, a recent study also found that eNOS is required for the cardioprotective effects of exercise. de Waard et al. 65 found that the beneficial effects of exercise on post-myocardial infarction remodelling, hypertrophy, fibrosis, and apoptosis were lost in both heterozygous and homozygous eNOS-deficient mice.
Exercise and nitrite
The anion nitrite is an oxidative breakdown product of NO that has traditionally served as a diagnostic marker of NO formation in biological systems. 66 As such, nitrite has long been considered an inert oxidation product of NO metabolism. Recently, there has been a paradigm shift in nitrite biology with the discovery that nitrite is a physiologically relevant storage reservoir of NO 67 in the blood and tissues that can readily be reduced to NO under pathological conditions, such as ischaemia or hypoxia. 68 Nitrite reductase activity in mammalian tissues has been linked 66 to the mitochondrial electron transport system, non-enzymatic acidic disproportionation, deoxyhaemoglobin, xanthine oxidase, and more recently myoglobin. Nitrite therapy has been shown to provide cardioprotection in animal models of myocardial I/R injury. 69, 70 These experimental studies have provided important insights into the cardioprotective effects of nitrite therapy and have demonstrated nitrite therapy to be equally effective when it is administered before, during, or after ischaemia through either systemic or oral administration. 71 In terms of mechanisms of action, the cytoprotective effects of nitrite therapy have not been fully elucidated. However, it has been shown that nitrite-mediated protection is independent of eNOS and dependent on NO generation. 70 Nitrite can also transiently form nitrosothiols in a first-order reaction requiring haem and thiols under both normoxic and hypoxic conditions. 72 Since both NO and nitrosothiols have been shown to be protective in the setting of I/R, 70, 73 nitrite is a critical signalling molecule in that it can form both NO and nitrosothiols. This suggests that nitrite can serve two functions in the setting of I/R. It first serves as a NOS-independent source of NO by which nitrite is reduced to NO during ischaemia when NOS is inactive due to low oxygen tensions. Secondly, nitrite reacts with critical thiols to form nitrosothiols. This nitroso modification acts as a reversible protective shield, which prevents irreversible oxidation of proteins and lipids during the early oxidative burst of reperfusion. Aside from 'capping' critical thiols from oxidation, the nitroso products can then release NO during the reperfusion phase and act on a redox sensitive NO donor. 74 Exercise has been associated with increasing plasma nitrite levels in both rodents and humans. 9, 75, 76 However, the increased circulating levels of nitrite have traditionally been considered only as an acute marker of NO production and a surrogate for endothelial function. 75 As such, the role of nitrite in mediating the cardioprotective effects of exercise has not been suggested or investigated. Given the recent paradigm shift in NO biology, the role of nitrite in exercise should be reconsidered. Previous studies suggest that the circulating levels of nitrite directly regulate its tissue storage. The two main sources of circulating nitrite are: (i) the oxidative breakdown of NO generated by the NOS isoforms (mainly eNOS) and (ii) the dietary consumption of foods containing nitrite and nitrate. Both sources have a profound influence on nitrite tissue storage and also influence the severity of ischaemia-reperfusion injury. For example, mice supplemented with nitrite (50 mg/L) in their drinking water for 7 days exhibited higher plasma and heart levels of nitrite and displayed a reduction in infarct size following myocardial I/R injury. 77 Similarly, the overexpression of eNOS, either systemically or specifically in the heart, results in higher plasma and heart nitrite levels and less injury following myocardial I/R. 78 More importantly, mice that overexpress eNOS only in the heart have higher levels of nitrite in the liver and reduced injury following hepatic ischaemia, 78 suggesting that nitrite can be transported in the blood and stored in remote organs. Based on this evidence and other literature, it can be hypothesized that nitrite generated from NO during exercise training can play a role in mediating the cardioprotective effects of exercise in the event myocardial ischaemia (Figure 2) . In this scenario, the NO generated from the endothelium during exercise has two fates. First, it is used to induce vasodilatation to match blood flow to metabolic demands as noted above. Second, some of the NO is oxidized to nitrite. The nitrite can then be transported in the blood from its site of origin and stored in the heart. This can continue with each passing exercise period until the steady-state levels of nitrite in the heart are elevated above normal baseline levels. This would be analogous to the effects of oral nitrite supplementation on the heart that was observed in a previous study. 77 Increasing nitrite stores in the heart prior to myocardial ischaemia is important because the bioavailability of NO is decreased during ischaemia. The cause of this decrease is still not completely understood, but it has been suggest that NO levels are reduced during myocardial ischaemia due to a decrease in production from eNOS because of low oxygen and diminished substrate delivery 69, 79 and/or an increase in ROS production. 80 In any event, the stored nitrite could be reduced to NO during myocardial ischaemia by any of the identified nitrite reductases found in the heart, thereby providing an increase in the bioavailability of NO. The increase in NO could then serve as a signalling molecule and protect the heart by any of the mechanisms discussed above. Currently, there is only one published abstract from a recent meeting, which reports that 4 weeks of voluntary exercise training increases cardiac nitrite and nitrosothiols levels in mice. 81 Given the paucity of evidence regarding the role of nitrite in exercise-mediated cardioprotection, studies aimed at testing the proposed hypothesis are definitely warranted. Specifically, studies should address some of the following questions: (i) what is the minimum duration of exercise training needed to achieve an increase in the levels of nitrite in the heart and provide cardioprotection? (ii) How high can exercise training increase tissue levels of nitrite and how long does it take to reach a new steady-state level? (iii) Will the new steady-state levels of nitrite be maintained over time? Additionally, since there are different types of exercise training, it is also important to determine the type(s) of exercise that can increase nitrite levels in the heart.
Exercise and nitrate
As stated above, exercise training can increase the plasma levels of nitrite in both humans and rodents. In most cases, these studies also reported an increase in plasma nitrate levels. Much like nitrite, nitrate was once considered to be an inert oxidative by-product of NO that only served as a measure of endothelial function. Now there is evidence to suggest that nitrate is a physiologically relevant storage reservoir of NO just like nitrite. 82 In terms of cardioprotection, nitrate has been reported to be equally effective as nitrite, as it has been reported that mice supplemented with nitrate (1 g/L) in their drinking water for 7 days exhibited higher plasma and heart levels of NO metabolites and displayed a reduction in infarct size following myocardial I/R injury. 77 Therefore, it can be hypothesized that nitrate generated from NO during exercise training can also play a role in mediating the cardioprotective effects of exercise in the event of myocardial ischaemia.
Interaction of the proposed signalling mechanisms
Although the protective effects of exercise have been studied for quite some time now, the exact mechanisms responsible have not Figure 2 Hypothesized fate of stored cardiac nitrite during myocardial ischaemia. Nitrite (NO 2
2 ) represents a physiologically relevant storage reservoir of NO in blood and tissues that can readily be reduced to NO under pathological conditions such as ischaemic or hypoxic events. Previous studies have indicated that nitrite levels are increased in the plasma following exercise in both rodents and humans. Given that nitrite can be stored in the heart and provide cardioprotection in the setting of myocardial ischaemia by being reduced to NO, it can be hypothesized that the NO generated during exercise from the endothelium can be oxidized to nitrite, transported in the plasma, and stored in the heart or vasculature.
In the event of myocardial ischaemia, the nitrite can be reduced back to NO by any of the known reductases found in the heart, thereby increasing the bioavailability of NO and providing cardioprotection in an NO-dependent manner.
Exercise and nitrite been fully elucidated. In the current article, a role for endogenous antioxidant defences, HSPs, K ATP channels, and NO was discussed as individual components of a cardioprotective-signalling cascade. Interestingly, although, there are a number of studies, which suggest that all of these components are associated with exercise and cardioprotection, K ATP channels and NO are the only two that have been shown to be necessary for cardioprotection. It is also interesting to speculate that NO may be the most critical factor due to the role it plays in mediating many of the physiological responses to exercise. First, NO is responsible for the vasodilatation to match blood flow to metabolic demands of the tissue. NO is also inhibits inflammatory cells and platelets from adhering to the vascular surface, which may be responsible for the atheroprotective effects of exercise. Additionally, NO can increase the expression of HSP70 83 and activate K ATP channels 84 through cGMP-PKG signalling, 85 suggesting that NO could be responsible for activating these factors during exercise.
With that being said, it does not mean that HSPs, K ATP channels, and antioxidant defences do not play an important role in mediating the cardioprotective effects of exercise, since all of these components can provide cardioprotection in their own right. Additionally, when discussing the cardioprotective mechanisms of exercise, it is important to separate the events of exercise training into two phases: the exercise period prior to myocardial ischaemia and the period during myocardial ischaemia and reperfusion. During the period prior to myocardial ischaemia, it may seem like NO predominates due to its role in mediating the physiological response to exercise. However, the role that HSPs, K ATP channels, and antioxidant defences play cannot be underestimated. It is during the period following the onset of myocardial ischaemia and reperfusion where the importance of these components and the convergence of these signalling mechanisms, especially in regards to NO bioavailability, become readily apparent. As mentioned above, the continuous generation of NO is essential for the integrity of the cardiovascular system 86 and a decreased production and/or bioavailability of NO is central to the development of cardiovascular disorders. Without an adequate delivery of oxygen, substrate, and co-factors (conditions that exist during ischaemia), the production of NO from NOS can be diminished due to uncoupling and replaced by the production of ROS. 87, 88 Moreover, ROS can scavenge NO resulting in a decrease in the bioavailability of NO. The opening of K ATP channels, especially mitochondrial K ATP channels, during exercise can influence the bioavailability of NO by inducing low-level ROS production during the period prior to myocardial ischaemia that triggers protection by limiting the production of higher levels of ROS following ischaemia and reperfusion. 89 Similarly, increasing antioxidant defences during exercise can increase the bioavailability of NO by reducing ROS levels and preventing the scavenging of NO. Additionally, the association of eNOS with HSP90 is an important step in controlling eNOS activity and eNOS coupling, 90 which can result in NO rather than ROS being produced from eNOS. Additionally, reducing ROS levels through the opening of mitochondrial K ATP channels and through an increase in endogenous antioxidants can lead to cardioprotection in a manner independent of NO.
Conclusion
The high incidence of cardiovascular disease in western societies is attributable to the contemporary lifestyle, which is often sedentary in nature and includes a diet high in saturated fats and sugar and devoid of fruits, vegetables, and fibre. 91 As such, the recommended standard of care aimed at reducing the risk factors associated with cardiovascular disease is a combination of pharmacological interventions and a change in diet and physical activity. Given the growing costs associated with pharmacological agents, changes in lifestyle may be a more economical way for some individuals to reduce risk factors associated with cardiovascular disease. As such, exercise remains an intriguing strategy to combat the development of cardiovascular disease in that it is unlike other treatment strategies (i.e. pharmacological interventions) given that it is safe, inexpensive, and widely accessible to patients. Therefore, a better understanding of the mechanisms responsible for the cytoprotective effects of exercise will allow scientists and physicians the ability to design safe and efficient treatment modalities to effectively treat patients who are at risk for cardiovascular diseases or who have already suffered the effects of cardiovascular disease, such as a heart attack, stroke, or heart failure.
